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RESIN COMPOSITION FOR A POLARIZER
PROTECTIVE FILM, A POLARIZER
PROTECTIVE FILM, A POLARIZING PLATE
INCLUDING THE SAME, AND A
PREPARATION METHOD OF A
POLARIZING PLATE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a 35 U.S.C. § 371 National Phase
Entry Application from PCT/KR2014/002615, filed Mar. 27,

2014, and designating the United States, which claims
priority under 35 U.S.C. § 119 to Korean Patent Application

No. 10-2013-0033001 filed on Mar. 27, 2013, Korean Patent
Application No. 10-2013-0033003 filed on Mar. 27, 2013,
Korean Patent Application No. 10-2014-0035386 filed on

Mar. 26, 2014, and to Korean Patent Application No.
10-2014-0035587 filed on Mar. 26, 2014, which are incor-

porated herein by reference 1n their entireties.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a resin composition for a
polarizer protective film, a polarizer protective film, a polar-
1zing plate including the same, and a preparation method of
a polanzing plate, and, more specifically, to a resin compo-
sition for a polarizer protective film and a polarizer protec-
tive film exhibiting excellent physical and optical properties,
a polanizing plate including the same, and a preparation
method of a polanizing plate.

This application claims the benefit of Korean Patent
Application No. 10-2013-0033001, filed on Mar. 27, 2013,
Korean Patent Application No, 10-2013-0033003, filed on
Mar. 27, 2013, Korean Patent Application No, 10-2014-
0035586, filed on Mar. 26, 2014, and Korean Patent Appli-
cation No. 10-2014-0035587, filed on Mar. 26, 2014, which
are all hereby i1ncorporated by reference 1n their entireties
into this application.

(b) Description of the Related Art

A liquid crystal display (LLCD) 1s one of a vaniety of flat
panel displays which are currently widely available. Typi-
cally, an LCD 1s configured such that a liquid crystal layer
1s 1nterposed between a thin film transistor (TFT) array
substrate and a color filter substrate. When an electric field
1s applied to electrodes of the array substrate and the color
filter substrate, liquid crystal molecules of the liquid crystal
layer interposed therchetween are differently arranged,
thereby displaying an image.

Meanwhile, a polarizing plate 1s provided outside the
array substrate and the color filter substrate. The polarizing
plate enables selective transmission of light 1n a specific
direction among light from a backlight unit and light passed
through the liquid crystal layer, thus controlling polariza-
tion.

The polanizing plate includes a polarizer for polarizing
light 1n a predetermined direction and a protective film
attached to the polarizer to support and protect the polarizer.

As the protective film, a film of tnacetylcellulose (TAC)
1s widely used. Furthermore, i order to achieve a film
having high hardness and wear resistance, a protective film
coated with a hard coating layer i1s proposed.

Meanwhile, recently, LCDs are used to the devices of
various fields because the use thereof becomes extensive,
and 1interests 1 1mproving the hardness and reducing the
thickness of polarizing plate are rising.
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Due to such necessity, Japanese Patent Publication No.
2005-010329 discloses the polarizing plate prepared by
forming a protecting layer on the surface of a polarizer by
using a photopolymerizable compound, without a TAC film.
However, 1t 1s still required to develop polarizing plates
having not only a suflicient hardness but also thinner thick-

ness enough to make devices thinner and showing a suth-
cient flexibility for mass production process.

SUMMARY OF THE INVENTION

To resolve above problems, the present mvention pro-
vides a resin composition for a polarizer protective film and
a polarizer protective film which can be thinner with high
hardness and transparency and shows excellent tlexibility to
generate neither curling nor cracking, a polarizing plate
including the same, and a preparation method of a polarizing
plate.

To resolve above problems, the present mvention pro-
vides a resin composition, including a binder including a
multifunctional acrylate monomer, an acrylate oligomer
having the elongation of 5 to 200%, and an acrylate elastic
polymer; and a photoinitiator.

The present invention also provides a polarizer protective
f1lm, including a cured resin formed from a multifunctional
acrylate monomer, an acrylate oligomer having the elonga-
tion of 5 to 200%, and an acrylate elastic polymer.

The present mvention also provides a polarizing plate,
including a polarizer; and a protective film formed on at least
one lface ol the polarizer, wherein the protective film
includes a cured resin formed from a multifunctional acry-
late monomer, an acrylate oligomer having the elongation of
5 to 200%, and an acrylate elastic polymer.

The present invention also provides a preparation method
of a polarizing plate, including the steps of:

coating a resin composition 1mcluding a binder including
a multifunctional acrylate monomer, an acrylate oligomer
having the elongation of 5 to 200%, and an acrylate elastic
polymer, and a photoinitiator on a release film;

forming a protective film by photocuring the coated resin
composition; and

laminating the protective film on one face of a polarizer
to attach the same.

According to the present invention, the polarizing plate
can be usefully applied to a variety of displays because the
protective film thereol shows high hardness, scratch resis-
tance, and transparency and generates neither curling nor
cracking due to 1ts high processability. Furthermore, it can
be made thinner because it can be used without a separate
coating on a substrate film like a TAC film. Particularly,
since 1t does not include a stretched film, 1t shows low
retardation value as near as 0 substantially and thus 1t can be
used not only to polarizer protective films but also to various
devices requiring such low retardation value without limat.

Furthermore, 1t has an advantage of being applicable to
large-scaled or curved displays because of 1ts excellent
processability and flexibility.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The resin composition of the present invention includes a
binder including a multifunctional acrylate monomer, an
acrylate oligomer having the elongation of 5 to 200%, and
an acrylate elastic polymer; and a photo initiator.

The polarizer protective film of the present invention
includes a cured resin formed from a multifunctional acry-
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late monomer, an acrylate oligomer having the elongation of
5 to 200%, and an acrylate elastic polymer.

The polanizing plate of the present mnvention includes a
polarizer; and a protective film formed on at least one face
of the polarizer, wherein the protective film 1ncludes a cured
resin formed from a multifunctional acrylate monomer, an
acrylate oligomer having the elongation of 5 to 200%, and
an acrylate elastic polymer.

The preparation method of a polarizing plate of the
present invention includes the steps of: coating a resin
composition including a binder including a multifunctional
acrylate monomer, an acrylate oligomer having the elonga-
tion of 5 to 200%, and an acrylate elastic polymer, and a
photoinitiator on a release film; forming a protective film by
photocuring the coated resin composition; and laminating
the protective film on one face of a polarizer to attach the
same.

The present invention can be variously modified and have
various forms, and specific examples of the present inven-
tion are explained in this description. However, 1t 1s not
intended to limit the present invention to the specific
examples and 1t must be understood that the present inven-
tion 1ncludes every modifications, equivalents, or replace-
ments included 1n the 1dea and technical scope of the present
invention.

Hereinatter, the resin composition for a polarizer protec-
tive film, the polarizer protective film, the polarizing plate
including the same, and the preparation method of a polar-
1zing plate of the present invention are explained in more
detail.

In this description, ‘acrylate’ represents not only acrylates
but also all of methacrylates and derivatives of the acrylates
or the methacrylates to which a substituent 1s 1mtroduced.

The polarizer protective film according to one aspect of
the present invention 1ncludes, a cured resin formed from a
multifunctional acrylate monomer, an acrylate oligomer
having the elongation of 5 to 200%, and an acrylate elastic
polymer.

The polarizer protective film 1s used for protecting a
polarizer from external environments.

Commonly, a substrate made of a polyester such as
polyethyleneterephtalate (PET), a cyclic olefin copolymer
(COC), polyacrylate (PAC), polycarbonate (PC), polyethyl-
ene (PE), polymethylmethacrylate (PMMA), polyethere-
therketon (PEEK), polyethylenenaphthalate (PEN),
polyetherimide (PEI), polyimide (PI) or triacetylcellulose
(TAC) may be used to the polarizer protective films.

Among the substrates, particularly, triacetylcellulose
(TAC) film 1s widely used because of its excellent optical
properties. However, since the TAC film 1s inferior in
surface hardness and vulnerable to moisture when 1t 1s used
solely, 1t 1s needed to add a functional coating layer such as
a hard coating layer thereto. However, when the functional
coating layer 1s added thereto, the total thickness of the
protective film increases and it fail to meet the recent
requirement of reducing the thickness, and there 1s concern
about curling or cracking due to the additional coating.

Therelore, the present invention provides a protective film
having a low thickness which can replace common TAC
films and has a suflicient hardness without including a
separate coating layer and accords with a slimming trend.
Furthermore, the protective film of the present invention
shows excellent optical properties for a polarizer protective
film, and can exhibit excellent flexibility so as to make
production, processing, storage, transport, and so on easy.

Furthermore, since the polarizer protective film of the
present invention does not include a stretched film, 1t shows
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low retardation value as near as O substantially and thus 1t
can be used not only to polarizer protective films but also to
various devices requiring such low retardation value without
limat.

In addition, it has an advantage of being applicable to
large-scaled or curved displays because of 1ts excellent
processability and flexibility.

The polarnizer protective film of the present invention
includes a cured resin formed from a multifunctional acry-
late monomer, an acrylate oligomer having the elongation of
5 to 200%, and an acrylate elastic polymer.

The multifunctional acrylate monomer means a monomer
having 2 or more acrylate functional groups of which the
molecular weight 1s less than 1,000 g/mol. For Example, 1t
may be hexanediol diacrylate (HDDA), tripropyleneglycol
diacrylate (TPGDA), ethyleneglycol diacrylate (EGDA),
trimethylolpropane triacrylate (ITMPTA), trimethyloipropa-
necthoxy triacrylate (TMPEOTA), glycerin propoxylated
triacrylate (GPTA), pentaerythritol tetraacrylate (PETA), or
dipentaerythritor hexaacrylate (DPHA), and so on, but the
protective film of the present invention 1s not limited to or
by them. The multifunctional acrylate monomer 1s cross-
linked with the acrylate oligomer and the acrylate elastic
polymer disclosed below, and plays a role of giving a certain
pencil hardness and wear resistance to the protective film.

The multifunctional acrylate monomers may be used
solely or 1n combination with different monomers.

The acrylate oligomer 1s an acrylate having the elongation
of about 5 to about 200%, or about 5 to about 100%, or about
10 to about 50% when 1t 1s measured according to ASTM
D638, and, particularly, 1t means an oligomer having 2 or
more acrylate functional groups. When the acrylate oli-
gomer has the elongation of the above mentioned range, 1t
can show excellent flexibility and elasticity without a
decrease 1n mechanical properties. The acrylate oligomer
satisiying the above mentioned elongation range 1s superior
in tlexibility and elasticity and forms the cured resin with the
acrylate monomer and the acrylate elastic polymer, and can
provide suflicient flexibility and curling property to the
protective film mcluding the same.

According to one embodiment of the present ivention,
the weight average molecular weight of the acrylate oli-
gomer may have the range of about 1,000 to about 10,000
g/mol, or about 1,000 to about 5,000 g/mol, or about 1,000
to about 3,000 g/mol.

According to one embodiment of the present invention,
the acrylate oligomer may be an acrylate oligomer modified
with one or more of ethylene oxide, propylene oxide, or
caprolactone. When the modified acrylate oligomer 1s used,
more flexibility can be given to the acrylate oligomer by the
modification, and the curling property and the flexibility of
the protective film can be increased.

The acrylate oligomers may be used solely or in combi-
nation with different oligomers.

The acrylate elastic polymer 1s superior m flexibility and
clasticity, and can be crosslinked with the multifunctional
acrylate monomer and the acrylate oligomer and form a
crosslinked copolymer structure because 1t includes acrylate
functional groups. Therefore, the protective film formed by
using the resin composition including the same can secure
high elasticity and flexibility 1n addition to mechanical
properties, and can minimize the generation of curling or
cracking. The protective film according to the present inven-
tion i1ncludes a cured resin in which the acrylate elastic
polymer 1s crosslinked with the multifunctional acrylate
monomer and the acrylate oligomer, and thus it can have
flexibility with high hardness. Accordingly, 1t functions as
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not only a polarizer protective layer but also a hard coating

layer without a separate functional coating layer, and can be

applied to a multifunctional polarizer protective film.
According to one embodiment of the present invention,

the acrylate elastic polymer may have the elongation of 5

about 5 to about 200%, or about 5 to about 100%, or about
10 to about 50% when 1t 1s measured according to ASTM
D638. When the acrylate elastic polymer has the elongation
of the above mentioned range, 1t can show excellent flex-
ibility and elasticity without a decrease 1n mechanical prop-
erties.

According to one embodiment of the present invention,
the weight average molecular weight of the acrylate elastic
polymer may have the range of about 100,000 to about
800,000 g/mol, or about 150,000 to about 700,000 g/mol, or
about 180,000 to about 650,000 g/mol. When the weight
average molecular weight of the acrylate elastic polymer 1s
too low, the flexibility and the elasticity of the protective
film prepared by using the same may not be suthicient, and
when the weight average molecular weight 1s too high, the
miscibility with other materials may decrease and it may be
difficult to obtain a uniform composition. In this regard, 1t
may be preferable to have the weight average molecular
weilght of the above mentioned range.

One example of the acrylate elastic polymer may be a
poly-rotaxane.

Generally, poly-rotaxane means a compound in which a
dumbbell shaped molecule 1s structurally inserted 1n a
macrocyclic compound. The dumbbell shaped molecule
includes a certain linear molecule and stopper groups con-
nected to both ends of the linear molecule, the linear
molecule passes through the inside of the macrocyclic
compound, and the macrocyclic compound can move along
the linear molecule and 1s prevented by the stopper groups
from leaving.

According to one embodiment of the present invention,
the poly-rotaxane may include a rotaxane compound 1nclud-
ing a macrocyclic compound combined with a lactone
compound including an acrylate moiety at the end; a linear
molecule passing though the macrocyclic compound; and
stopper groups which are connected to both ends of the
linear molecule and prevents the macrocyclic compound
from leaving.

The macrocyclic compound 1s not limited 1f 1t has a size
as large as the linear molecule passes through or 1s encircled
by the same, and it may 1nclude a functional group such as
hydroxyl group, amino group, carboxyl group, thiol group,
aldehyde group, and so on which can be reacted with other
polymers or compounds. For specific examples of the mac-
rocyclic compound, o-cyclodextrin, B-cyclodextrin, y-cy-
clodextrin, or a mixture thereof may be used.

The linear molecule 1s also not limited if i1t has a linear
structure and a certain molecular weight or more, and
polyalkylene compounds or polycarprolactones may be
used. Specifically, a polyoxvalkylene compound including a
C,-C, oxyalkylene-based repeating unit or a polycarprolac-
tone including a C,-C, , lactone-based repeating unit may be
used.

The limear molecule may have the weight average
molecular weight of about 1,000 to about 30,000 g/mol.
When the weight average molecular weight of the linear
molecule 1s too low, the mechanical properties and seli-
recovery properties of the protective film prepared by using,
the same may not be suflicient, and when the weight average
molecular weight 1s too high, the miscibility of the protec-
tive film prepared may decrease or the appearance properties
or the uniformity of the material may largely decrease.
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Furthermore, the stopper groups may be suitably selected
according to the characteristics of the poly-rotaxane pre-
pared, and, for example, any one or two or more groups
selected from the group consisting of dinitrophenyl group,
cyclodextrin group, adamantane group, trityl group, fluo-
rescein group, and pyrene group.

Another example of the acrylate elastic polymer may be
a urethane acrylate polymer. The urethane acrylate polymer
has the structure of that urethane acrylate oligomers are
connected to the main chain of an acryl polymer as the side
branches.

The protective film of the present invention includes a
cured resin obtained by curing the multifunctional acrylate
monomer, the acrylate oligomer having the elongation of 5
to 200 and the acrylate elastic polymer with UV-rays.
Furthermore, the protective film of the present invention
does not include a triacetylcellulose (TAC) component.

According to one embodiment of the present invention,
when the total weight of the cured resin 1s 100 parts by
weight, about 20 to about 70 parts by weight of the multi-
functional acrylate monomer, about 20 to about 70 parts by
weight of the acrylate oligomer having the elongation of 5
to 200%, and about 1 to about 50 parts by weight of the
acrylate elastic polymer may be cured therein.

Or, when the total weight of the cured resin 1s 100 parts
by weight, about 40 to about 60 parts by weight of the
multifunctional acrylate monomer, about 20 to about 50
parts by weight of the acrylate oligomer having the elonga-
tion of 5 to 200%, and about 1 to about 30 parts by weight
of the acrylate elastic polymer may be cured therein.

When the above mentioned three components of the
multifunctional acrylate monomer, the acrylate oligomer,
and the acrylate elastic polymer are cured with the above
mentioned weight range, the protective film of the present
invention can have suthicient flexibility without a decrease 1n
mechanical properties.

Since the protective film of the present invention includes
the cured resin obtained by curing the multifunctional acry-
late monomer, the acrylate oligomer having the elongation
of 5 to 200%, and the acrylate elastic polymer, it can show
high hardness and can be made into a thinner form without
a decrease 1n optical properties. Furthermore, 1t 1s superior
in surface hardness and scratch resistance without a separate
functional coating layer such as a hard coating layer. In
addition, since 1t can secure more excellent flexibility,
impact resistance and tlexibility, it can be applied to large-
scaled or curved displays. Furthermore, since it includes the
cured resin layer instead of a stretched film, the retardation
value of the same 1s low as near as 0 substantially and thus
it can be used not only to polarizer protective films but also
to various devices requiring such low retardation value
without limiut.

According to one embodiment of the present invention,
the protective film of the present imvention may further
include inorganic particles. The norganic particles may be
included 1n the cured resin 1n a dispersed form.

Inorganic particles of nanoscale, for example, nanopar-
ticles of which the particle diameter 1s about 100 nm or less,
or about 10 to about 100 nm, or about 10 to about 50 nm,
may be used as the inorganic particles. Furthermore, for
example, the morganic particles may include silica particles,
aluminum oxide particles, titanium oxide particles, zinc
oxide particles, and the like.

By including the morganic particles, it becomes possible
to improve the hardness of the protective film more.

According to one embodiment of the present invention,
when the total weight of the cured resin 1s 100 parts by




US 10,330,829 B2

7

weight, about 1 to about 50 parts by weight, or about 1 to
about 40 parts by weight, of the inorganic particles may be
included. When the morganic particles are included with the
welght range, 1t 1s possible to provide the protective film
superior 1 both of hardness and flexibility.

According to one embodiment of the present invention,
the protective film may have the thickness of about 10 um
or more, for example, about 10 to about 200 um or about 10
to about 100 um or about 10 to about 50 um or about 10 to
about 40 um or about 10 to about 30 um According to the
present invention, when the film has the above mentioned
thickness, it can be thinner than other films including a
separate coating layer, and 1t 1s possible to provide the
protective film of high hardness without the generation of
curling or cracking.

The polarizer protective film of the present invention may
be formed by photocuring the resin composition including
the multifunctional acrylate monomer, the acrylate oligomer
having the elongation of 5 to 200%, the acrylate elastic
polymer, the photoinitiator, and selectively 1norganic par-
ticles and an organic solvent.

According to another embodiment of the present mnven-
tion, a resin composition including a binder including a
multifunctional acrylate monomer, an acrylate oligomer
having the elongation of 5 to 200%, and an acrylate elastic
polymer; and a photoinitiator 1s provided.

Details of the multifunctional acrylate monomer, the
acrylate oligomer having the elongation of 5 to 200%, and
the acrylate elastic polymer are the same as disclosed above
with regard to the protective film.

According to one embodiment of the present invention,
when the total weight of the binder including the multifunc-
tional acrylate monomer, the acrylate oligomer having the
clongation of 5 to 200%, and the acrylate elastic polymer 1s
100 parts by weight, about 20 to about 70 parts by weight,
or about 40 to about 60 parts by weight, of the multifunc-
tional acrylate monomer may be included therein. When the
multifunctional acrylate monomer 1s included with the
range, 1t 1s possible to form the protective film superior in
both of hardness and flexibility. When the content of the
multifunctional acrylate monomer 1s lower than 20 parts by
weight, the crosslinking density gets lower and the mechani-
cal properties of the surface layer such as pencil hardness or
scratch resistance may decrease, and when the content 1s
larger than 70 parts by weight, 1t 1s 1mpossible to have
suflicient flexibility because the surface layer 1s easy to
break.

According to one embodiment of the present invention,
when the total weight of the binder 1s 100 parts by weight,
about 20 to about 70 parts by weight, or about 20 to about
50 parts by weight, of the acrylate oligomer may be included
therein. When the content of the acrylate oligomer 1s lower
than 20 parts by weight, the surface layer may not have
suilicient tlexibility, and when the content 1s larger than 70
parts by weight, the mechanical properties may be 1nsuili-
cient.

According to the resin composition of the present inven-
tion, the binder component includes the multifunctional
acrylate monomer, the acrylate oligomer having the elon-
gation of 5 to 200%, and the acrylate elastic polymer, and the
cured resin formed by polymerizing the multifunctional
acrylate monomer, the acrylate oligomer, and the acrylate
clastic polymer can form a thinner protective film without a
decrease 1n optical properties. The protective film formed
like this 1s superior 1n surface hardness and scratch resis-
tance without a separate functional coating layer such as a
hard coating layer. In addition, excellent pliability and
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flexibility can be secured. Furthermore, since it includes the
cured resin layer instead of a stretched film, the retardation
value of the same 1s low as near as it substantially and thus
it can be used not only to polarizer protective films but also
to various devices requiring such low retardation value
without limut.

According to one embodiment of the present invention,
when the total weight of the binder 1s 100 parts by weight,
about 1 to about 50 parts by weight, or about 1 to about 30
parts by weight, of the acrylate elastic polymer may be
included therein. When the acrylate elastic polymer 1is
included with the weight range, 1t 1s possible to form the
protective film superior 1n both of hardness and tlexibility.

The binder including the multifunctional acrylate mono-
mer, the acrylate oligomer having the elongation of 5 to
200%, and the acrylate elastic polymer can form the cured
resin by being polymerized each other by UV rays. Since the
resin composition include the acrylate elastic polymer in
company with the multifunctional acrylate monomer and the
acrylate oligomer, the protective film formed by curing the
same can have the flexibility with high hardness. Accord-
ingly, it functions as not only a polarizer protective layer but
also a hard coating layer without a separate functional
coating layer, and can be applied to a multifunctional
polarizer protective film.

The photoinitiator may be 1-hydroxy-cyclohexyl-phenyl
ketone, 2-hydroxy-2-methyl-1-phenyl-1-propanone, 2-hy-
droxy-1-[4-(2-hydroxyethoxy )phenyl]-2-methyl-1-pro-
panone, methylbenzoyliormate, o,o-dimethoxy-c.-pheny-
lacetophenone, 2-benzoyl-2-(dimethylamino)-1-[4-(4-
morpholinyl)phenyl]-1-butanone, 2-methyl-1-[4-
(methylthio)phenyl]-2-(4-morpholinyl)-1-propanone,
diphenyl (2,4,6-trimethylbenzoyl)-phosphineoxide, bis(2,4,
6-trimethylbenzoyl)-phenylphosphineoxide, and so on, but
it 1s not limited to or by them. Furthermore, as the products
sold today, Irgacure 184, Irgacure 500, Irgacure 651, Irga-
cure 369, Irgacure 907, Darocur 1173, Darocur MBE, Irga-
cure 819, Darocur 1PO, Irgacure 907, Esacure KIP 100F,
and so on may be used. These photoinitiators may be solely
or by mix of different 2 or more 1nitiators.

According to one embodiment of the present invention,
when the total weight of the binder 1s 100 parts by weight,
the photoinitiator may be about 1 to about 10 parts by
weight, or about 1 to about 8 parts by weight.

The resin composition of the present invention may be
solvent free, 11 the components are uniformly mixed with a
proper viscosity and there 1s no problem in a coating
Process.

Meanwhile, the resin composition of the present invention
may further include an organic solvent for the uniform mix
of the components and the coatability.

As the organic solvent, an alcohol solvent such as metha-
nol, ethanol, 1sopropyl alcohol, and butanol; an alkoxy
alcohol solvent such as 2-methoxyethanol, 2-ethoxyethanol,
and 1-methoxy-2-propanol; a ketone solvent such as
acetone, methyl ethyl ketone, methyl 1sobutyl ketone,
methyl propyl ketone, and cyclohexanone; an ether solvent
such as propylene glycol monopropyl ether, propylene gly-
col monopropyl ether, propylene glycol monomethyl ether,
cthylene glycol monoethyl ether, ethylene glycol monopro-
pvl ether, ethylene glycol monobutyl ether, diethylene glycol
monomethyl ether, diethyl glycol monoethyl ether, diethyl
glycol monopropyl ether, diethyl glycol monobutyl ether,
and diethylene glycol-2-ethylhexyl ether; and an aromatic
solvent such as benzene, toluene, and xylene may be used
solely or in combination.
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According to one embodiment of the present invention,
the content of the organic solvent 1s not limited particularly
because 1t can be variously regulated as long as the prop-
erties of the resin composition do not decrease.

According to one embodiment of the present invention,
the resin composition of the present invention may further
include inorganic particles. The mnorganic particles may be
added to the cured resin 1n a form of being dispersed in the
multifunctional acrylate monomer.

Inorganic particles of nanoseale, for example, nanopar-
ticles of which the particle diameter 1s about 100 nm or less,
or about 10 to about 100 nm, or about 10 to about 50 nm,
may be used as the inorganic particles. Furthermore, for
example, the inorganic particles may include silica particles,
aluminum oxide particles, titanium oxide particles, zinc
oxide particles, and the like.

By including the iorganic particles, 1t becomes possible
to 1improve the hardness of the protective film more.

According to one embodiment of the present invention, 1n
the case of that the resin composition includes the inorganic
particles, when the total weight of the binder 1s 100 parts by
weight, about 1 to about 50 parts by weight, or about 1 to
about 40 parts by weight, of the morganic particles may be
included therein. When the 1morganic particles are included
with the above mentioned range, 1t 1s possible to provide the
protective film superior in both of hardness and flexibility.

Furthermore, the resin composition may further include
additives such as an UV absorber, a surfactant, an anti-
yellowing agent, a leveling agent, and an antifoulant which
are commonly used i1n the technical field to which the
present invention pertains, in addition to the multifunctional
acrylate monomer, the acrylate oligomer having the elon-
gation ol 5 to 200%, the acrylate elastic polymer, the
inorganic particles, the photoinitiator, and the organic sol-
vent. And, the content 1s not limited particularly because it
can be variously regulated as long as the properties of the
protective film of the present invention do not decrease.

According to one embodiment of the present invention,
for example, the resin composition may include a surfactant
as the additive, and the surfactant may be mono- or bi-
functional fluorinated acrylate, fluorinated surfactant, or
silicone surfactant. At this time, the surfactant may be
included 1n a form of being dispersed or crosslinked 1n the
cured resin.

Furthermore, an anti-yellowing agent may be included
therein as the additive, and the anti-yellowing agent may be
a benzophenone-based compound or a benzotriazole-based
compound.

As disclosed above, the polarizer protective film may be
prepared by photocuring the resin composition including the
binder including the multifunctional acrylate monomer, the
acrylate oligomer having the elongation of 5 to 200%, and
the acrylate elastic polymer, the photomitiator, and selec-
tively the organic solvent, the mnorganic particles, and other
additives.

According to another aspect of the present invention, a
polarizing plate including a polarnzer; and a protective film
formed on at least one face of the polarizer, wherein the
protective {ilm includes a cured resin formed from a multi-
functional acrylate monomer, an acrylate oligomer having
the elongation of 5 to 200%, and an acrylate elastic polymer
1s provided.

According to still another aspect of the present invention,
a preparation method of a polarizing plate including the
steps of: coating a resin composition including a binder
including a multifunctional acrylate monomer, an acrylate
oligomer having the elongation of 5 to 200%, and an
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acrylate elastic polymer, and a photoinitiator on a release
film; forming a protective film by photocuring the coated
resin composition; and laminating the protective film on one
face of a polarizer to attach the same 1s provided.

At first, the resin composition including the binder includ-
ing the multifunctional acrylate monomer, the acrylate oli-
gomer having the elongation of 5 to 200%, and the acrylate
clastic polymer; and the photoinitiator 1s coated on the
release film. Details of the components included 1n the resin
composition are the same as explained above with regard to
the polarizer protective film. The resin composition may
turther include an organic solvent, inorganic particles and an
additive, selectively.

Any release film which 1s commonly used 1n the technical
field to which the present invention pertains can be used
without limit. According to one embodiment of the present
invention, the release film may be a polyester film such as
a polyethyleneterephthalate film, a polyolefin film such as a
polyethylene film and a polypropylene film, or Teflon film,
and, preferably, it may be a film surface-treated with a
s1licone resin, a melamine resin, or a urea resin to be peeled
casily. The thickness of the release film 1s not limited
particularly but the release film having the thickness of
about 20 to about 200 um may be mostly used.

The release film may be peeled off and eliminated after
the resin composition 1s cured and before the protective film
1s attached to the polarizer. Or, 1t can be eliminated after the
protective film 1s attached to the polarizer to the advantage
of transport and storage.

The method of coating the resin composition 1s not
limited particularly 11 1t can be used 1n the related art. For
example, bar-coating method, knife-coating method, roll-
coating method, blade-coating method, die-coating method,
microgravure-coating method, comma-coating method, slot
die-coating method, lip-coating method, or solution casting
method may be used. Subsequently, the photocuring reaction
1s carried out by exposing the coated resin composition to
UV rays so as to form the protective film. Before the UV
radiation, the processes for leveling the coated surface of the
resin composition and drying the same for evaporating the
solvent included 1n the composition may be further carried
out.

The dosage of UV rays, for example, may be about 20 to
about 600 mJ/cm”. The source of the UV radiation is not
limited particularly 11 1t can be used 1n the related art. For
example, a high pressure mercury lamp, a metal halide lamp,
a black light fluorescent lamp, and so on may be used.

After the resin composition 1s completely cured, the
polarizer protective film that 1s formed into a single layer
without a substrate film such as TAC or a separate coating
layer can be obtained.

According to the polarizer protective film of the present
invention, 1t 1s possible to prepare the protective film having
high hardness without the generation of curling or cracking,
because 1t 1s not directly formed on the polarizer but coated
on a separate release film and cured and thus it has no
substrate shrinking effect. Furthermore, i1t 1s possible to
provide the polarizer protective film of high hardness show-
ing a low retardation value without a decrease 1n optical
properties such as light transmittance, haze, and the like
which are required to the polarizer protective film.

Since the protective film of the present mvention shows
high hardness, flexibility, scratch resistance, high transpar-
ency, and so on, 1t can be used as a single layer film for
protecting the polarizer and can be usetully used to various
display devices.
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In the present invention, the protective film may be
formed on only one face or both faces of the polarizer.

A polarizer exhibits a property making it able to extract
only light that vibrates 1n one direction from light incident
while vibrating 1n different directions. This property may be
achieved by stretching polyvinyl alcohol (PVA) having
iodine absorbed thereto under strong tension. For example,
more specifically, a polarizer may be formed by swelling a
PVA film 1n an aqueous solution, dyeing the swollen PVA
film with a dichroic material to impart polarization perfor-
mance to the film, stretching the dyed PVA film to arrange
the dichroic material parallel to a stretch direction, and
correcting the color of the stretched PVA film. However, the
polarizing plate of the present imvention i1s not limited
thereto.

The polarizing plate of the present invention includes the
protective film formed on at least one face of the polanizer.

The protective film may have the thickness of about 10
wm or more, for example, about 10 to about 100 um, or about
10 to about 50 um, or about 10 to about 40 um, or about 10
to about 30 um.

Furthermore, the total thickness of the polarizing plate of
the present invention may be about 45 um or more, for
example, about 45 to about 250 um, or about 30 to about 120
um, or about 30 to about 100 um. According to the present
invention, 1t 1s possible to achieve the high hardness without
the generation of curling or cracking while having a thinner
thickness like above.

The protective film 1ncludes the cured resin formed from
the multifunctional acrylate monomer, the acrylate oligomer
having the elongation of 5 to 200%, and the acrylate elastic
polymer, and, selectively, may include inorganic particles
dispersed 1n the cured resin 1n addition. Details of the same
and the preparation method of the protective film are the
same as explained above with regard to the polarizer pro-
tective film.

According to one embodiment of the present invention,
the polarizing plate of the present invention may further
include an adhesive layer between the polarizer and the
protective film.

The adhesive layer may include an adhesive for polarizer
which has transparency and can maintain the polarization
property of the polarizer. The adhesive usetul therefor 1s not
particularly limited so long as it 1s known in the art.
Examples of the adhesive may include a one-part or two-part
polyvinylalcohol (PVA) adhesive, an acryl adhesive, a poly-
urcthane adhesive, an epoxy adhesive, a styrene butadiene
rubber (SBR) adhesive, a hot melt adhesive, etc., but the
present mvention 1s not limited thereto.

The thickness of the adhesive layer may be about 0.1 to
about 10 um, or about 0.1 to about 5 um, but it 1s not limited
to this.

Subsequently, the polarizing plate of the present invention
may be obtained by laminating and attaching the protective
film prepared on the polarizer by using the adhesive. At this
time, the release film may be selectively peeled off and
climinated after the resin composition 1s cured, and before or
alter the protective film 1s attached to the polarizer.

According to one embodiment of the present invention,
the protective film may be laminated on both faces of the
polarizer.

According to another embodiment of the present mnven-
tion, 1t 1s possible that the protective film 1s laminated on just
one face of the polarizer and any other general film such as
TAC 1s laminated on the other face of the same. At this time,
the protective film may be located at the outermost layer
tacing to the user. Like this, the protective film of the present
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invention shows high hardness, scratch resistance, and opti-
cal properties suitable to the outermost layer.

The protective film of the present invention shows excel-
lent properties enough to replace TAC films. Therefore, the
polarizing plate including the same can have excellent pencil
hardness, curling property, tlexibility, and optical properties.

For example, according to one embodiment of the present
invention, when the polarizing plate of the present invention
1s exposed to room temperature for 24 hrs and located on a
flat plane, the average distance between each edge or side of
the polarizing plate and the flat plane may be about 3 mm or
less, or about 2 mm or less, or about 1 mm or less.

Furthermore, the polarizing plate of the present invention
may show the pencil hardness of 1H or more, or 2H or more,
or 3H or more, at the load of 500 g.

Also, the polarizing plate of the present invention may
show the light transmittance of 40% or more, or 42% or
more.

Furthermore, the polarizing plate of the present invention
may show no cracking when it 1s wound on a cylindrical
mandrel having a diameter of 15 mm, or 12 mm, or 5 mm.

Furthermore, the protected film 1ncluded 1n the polarizing
plate of the present invention may show the retardation
value of O to 1 nm, or 0 to 0.6 nm, or 0 to 0.5 nm 1n an
in-plane direction thereof.

The polanizing plate including the protective film of the
present mvention may be utilized i1n various fields. For
example, 1t may be used to mobile communication handsets,
smart phones, other mobile devices, display devices, elec-
tronic blackboards, outdoor billboards, and various display
parts. According to the present invention, the polarizing
plate may be a polarizing plate for TN (Twisted Nematic) or
STN (Super Twisted Nematic) liquid crystals, a polarnzing
plate for horizontal alignment modes such as IPS (In-Plane
Switching), Super-IPS, FFS (Fringe Field Switching), etc.,
or a polarizing plate for vertical alignment modes.

A better understanding of the present invention may be
obtained through the following examples which are set forth
to 1illustrate, but are not to be construed as limiting the
present 1nvention.

EXAMPLES

Preparation of Poly-Rotaxane

Preparation Example 1

After putting 50 g of a caprolactone-grafted poly-rotaxane
polymer [A1000, Advanced Soft Material INC] 1n a reactor,
4.53 g of Karenz-AOI [2-acryloylethyl 1socyanate, Show-
adenko Inc.], 20 mg of dibutyltin dilaurate [DBTDL,
Merck], 110 mg of hydroquinone monornethylene ether, and
315 g of methyl ethyl ketone were added thereto. Then, the
mixture was reacted at 70° C. for 5 hrs to obtain the
poly-rotaxane polymer including a cyclodextrin, the macry-
cyclic compound, combined with polycarprolactone having
acrylate moiety at the end.

The weight average molecular weight of the poly-rotax-
ane polymer obtained was 600,000 g/mol, and the elonga-

tion thereof was 20%, as measured by ASTM D638.

Preparation of Protective Films
Example 1

A coating solution was prepared by mixing 350 g of
trimethylolpropane triacrylate (IMPTA), 30 g of DPCA120
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(Nippon Kayaku, a caprolactone-modified 6-functional
acrylate, elongation measured by ASTM D638: 12%, Mw:
1,950), 10 g of PU3400 (Miwon, an ethylene oxide-modified
3-functional acrylate, elongation measured by ASTM D638:
20%, Mw: 2,500), 10 g of the poly-rotaxane of Preparation
Example 1, 6 g of a photoinitiator (brand name: Darocur
TPO), 3 g or a UV absorber (brand name: Chimassorb 81),
and 10 g of MEK, and bar-coated on a PET release film.
After drying the same at 60° C. for 2 mins, the protective
film having the thickness of 25 um was prepared by expos-
ing the same to black UV rays 1n a nitrogen atmosphere.

Example 2

A coating solution was prepared by mixing 50 g of
TMPTA, 30 g of DPCA120, 15 g of TA604AU (NOF Co.,
an ethylene oxide-modified 3-functional acrylate, elongation
measured by ASTM D638: 49%, Mw: 2,300), 5 g of the
poly-rotaxane of Preparation Example 1, 6 g of a photoini-
tiator (brand name: Darocur TPO), 3 g or a UV absorber
(brand name: Chimassorb 81), and 10 g of MEK, and
bar-coated on a PET release film. After drying the same at
60° C. for 2 mins, the protective film having the thickness of
25 um was prepared by exposing the same to black UV rays
in a nitrogen atmosphere.

Example 3

A coating solution was prepared by mixing 50 g of
TMPTA, 10 g of PU3400, 20 g of TA604AU, 20 g of
8BR-500 (Taise1 fine chemical, elongation measured by
ASTM D638: 7%, Mw: 180,000), 6 g of a photomitiator
(brand name: Darocur TPO), 3 g or a UV absorber (brand
name: Chimassorb 81), and 10 g of MEK, and bar-coated on
a PET release film. After drying the same at 60° C. for 2
mins, the protective film having the thickness of 25 um was
prepared by exposing the same to black UV rays i a
nitrogen atmosphere.

Comparative Example 1

A coating solution was prepared by mixing 50 g of
TMPTA, 50 g of ELS 1290 (SK Cytec, 6-functional urethane
acrylate, elongation measured by ASTM D638: 0%, Mw:
1,000), 6 g of a photoimnitiator (brand name: Darocur TPO),
3 g or a UV absorber (brand name: Chimassorb 81), and 10
g of MEK, and bar-coated on a TAC film having the
thickness of 40 um. After drying the same at 60° C. for 2
mins, the protective film having the thickness of 6 um was
prepared on a TAC film by exposing the same to black UV
rays 1n a nitrogen atmosphere.

Preparation of Polarizing Plates
Example 4

After laminating and attaching the protective film pre-
pared in Example 1 on a PVA film by using an acryl adhesive
so that the thickness of the adhesive layer was about 1 um,
the PET release film was peeled ofl.

The polarizing plate was prepared by laminating a TAC
film having the thickness of 40 um on the other face of the
PVA film according to the same method above.

Example 5

The polarizing plate was prepared according to the same
method as 1n Example 4, except that the protective film of
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Example 2 was laminated on one face of the PVA film and
a TAC film having the thickness of 40 um was laminated on
the other face thereof.

Example 6

The polarizing plate was prepared according to the same
method as 1n Example 4, except that the protective film of
Example 3 was laminated on one face of the PVA film and
a TAC film having the thickness of 40 um was laminated on
the other face thereof.

Comparative Example 2

The polarizing plate was prepared according to the same
method as 1n Example 4, except that the TAC film of
Comparative Example 1 on which the coating layer was
formed was laminated on one face of the PVA film and a
TAC film having the thickness of 40 um was laminated on
the other face thereof.

Comparative Example 3

The polanzing plate was prepared by laminating and

attaching TAC films having the thickness of 40 um on both
faces of a PVA film by using an acryl adhesive so that the
thickness of the adhesive layer was about 1 um.

Experimental Examples

<Measuring Methods>
1) Thickness

Thickness was measured by using a digital micrometer.
2) Transmittance

Transmittance and haze were measured by using a haze
meter (HM 150).

3) Retardation Value

The retardation value 1n an in-plane direction was mea-
sured by using a retardation measuring device (Axoscan).

4) Pencil Hardness

The hardness was evaluated according to the Japanese
Standard JIS K3400. In this regard, the surface of the

polarizing plate was rubbed 5 times back and forth with a
pencil hardness meter under the load of 500 g to determine
the hardness at which no scratches appeared.

5) Scratch Resistance

The load which did not scratch on the surface of the
polarizing plate after the polarizing plate was rubbed 10
times back and forth with a steel wool (#0000) under a
certain load was checked.

6) Curling Property

After cutting the polanizing plate into the dimension of 10
cmx10 cm and storing the same at room temperature for 24
hrs and placing the piece of the polarizing plate on a flat

plane, the average distance between each edge of the piece
and the flat plane was measured.

7) Cylindrical Bending Test

Each polarizing plate was wound on a cylindrical mandrel
having a diameter of 5 mm and whether 1t was cracked or not
was checked. When the polarizing plate was not cracked, 1t
was evaluated as OK. If the polanizing plate was cracked, 1t
was evaluated as X.

The results of the measurements are listed 1n the follow-
ing Table 1.
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Comparative Comparative
Example 3

15
TABLE 1

Example 4  Example 3 Example 6  Example 2
Thickness of 91 pm 92 um 90 pm 111 pm
polarizing
plate
Transmittance 42.9% 43.1% 42.7% 42.6%
Haze 0.2 0.3 0.2 0.3
Retardation 0.2 nm 0.3 nm 0.2 nm 2.3 nm
Pencil 3H 3H 3H 3H
hardness
Scratch 500 g 500 g 500 g 500 ¢
resistance
Curing 0.5 mm 0.4 mm 0.3 mm 28.5 mm
property
Bending test OK OK OK X

As show 1n Table 1, the polarizing plates of Examples of
the present invention show satisfactory results 1n all of the
properties. Particularly, they show not only high hardness
and excellent curling property but also flexibility and low
retardation value with thinner thickness 1 comparison to
Comparative Example 2 using the prior protective film
including the TAC film and the coating layer and Compara-
tive Example 3 using the protective film including only the
TAC film, and can be usefully used to the display devices
needing to be thin.

What 1s claimed 1s:
1. A polanizing plate, including;
a polarizer; and
a protective film formed on at least one face of the
polarizer, wherein the protective film includes a cured
resin formed from a multifunctional acrylate monomer,
an acrylate oligomer having the elongation of 5 to
200%, and an acrylate elastic polymer,

wherein the acrylate elastic polymer includes one or more
of a poly-rotaxane, and wherein the poly-rotaxane
includes a macrocyclic compound combined with a
lactone compound including an acrylate moiety at the
end; a linear molecule passing through the macrocyclic
compound; and stopper groups, which are connected to
both ends of the linear molecule and prevent the
macrocyclic compound from leaving.

2. The polarizing plate according to claim 1, wherein the
cured resin 1s formed by curing 20 to 70 parts by weight of
the multifunctional acrylate monomer, 20 to 70 parts by
weilght of the acrylate oligomer having the elongation of 5
to 200%, and 1 to 50 parts by weight of the acrylate elastic
polymer, when the total weight of the cured resin 1s 100 parts
by weight.

3. The polarizing plate according to claim 1, wherein the
acrylate oligomer has two or more functional groups and 1s
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modified with one or more selected from the group consist-
ing of ethylene oxide, propylene oxide, and caprolactone.

4. The polanzing plate according to claim 1, wherein the
acrylate elastic polymer has the elongation of 5 to 200%.

5. The polarizing plate according to claim 1, further
including an adhesive layer between the polarizer and the
protective film.

6. The polarizing plate according to claim 1, wherein the
thickness of the protective film 1s 10 to 100 um, and the
thickness of the polarizer 1s 45 to 250 um.

7. The polarizing plate according to claim 1, showing the
pencil hardness of 1H or more at the load of 500 g.

8. A preparation method of a polarizing plate, including
the steps of:

coating a resin composition 1including a binder including

a multifunctional acrylate monomer, an acrylate oli-
gomer having the elongation of 5 to 200%, and an
acrylate elastic polymer, and a photomnitiator on a
release film,

wherein the acrylate elastic polymer includes one or more

of a poly-rotaxane, and wherein the poly-rotaxane
includes a macrocyclic compound combined with a
lactone compound 1ncluding an acrylate moiety at the
end; a linear molecule passing through the macrocyclic
compound; and stopper groups, which are connected to
both ends of the linear molecule and prevent the
macrocyclic compound from leaving;

forming a protective film by photocuring the coated resin

composition; and

laminating the protective film on one face of a polarizer

to attach the same.

9. The preparation method according to claim 8, further
including the step of peeling off the release film before or
alter the step of laminating the protective film on one face

of the polarizer.
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